Conspecific brood parasitism (CBP) is a reproductive tactic in which parasitic females lay eggs in nests of other females of the same species that then raise the joint brood. Parasites benefit by increased reproduction, without costs of parental care for the parasitic eggs. CBP occurs in many egg-laying animals, among birds most often in species with large clutches and self-feeding young: two major factors facilitating successful parasitism. CBP is particularly common in waterfowl (Anatidae), a group with female-biased natal philopatry and locally related females. Theory suggests that relatedness between host and parasite can lead to inclusive fitness benefits for both, but if host costs are high, parasites should instead target unrelated females. Pairwise relatedness (r) in host-parasite (h-p) pairs of females has been estimated using molecular genetic methods in seven waterfowl (10 studies). In many h-p pairs, the two females were unrelated (with low r, near the local population mean). However, close relatives (r = 0.5) were over-represented in h-p pairs, which in all 10 studies had higher mean relatedness than other females. In one species where this was studied, h-p relatedness was higher than between nesting close neighbours, and hosts parasitized by non-relatives aggressively rejected other females. In another species, birth nest-mates (mother-daughters, sisters) associated in the breeding area as adults, and became h-p pairs more often than expected by chance. These and other results point to recognition of birth nest-mates and perhaps other close relatives. For small to medium host clutch sizes, addition of a few parasitic eggs need not reduce host offspring success. Estimates in two species suggest that hosts can then gain inclusive fitness if parasitized by relatives. Other evidence of female cooperation is incubation by old eider Somateria mollissima females of clutches laid by their relatives, and merging and joint care of broods of young. Merging females tended to be more closely related. Eiders associate with kin in many situations, and in some geese and swans, related females may associate over many years. Recent genetic evidence shows that also New World quails (Odontophoridae) have female-biased natal philopatry, CBP and brood merging, inviting further study and comparison with waterfowl. Kin-related parasitism also occurs in some insects, with revealing parallels and differences compared to birds. In hemipteran bugs, receiving extra eggs is beneficial for hosts by diluting offspring predation. In eggplant lace bugs Gargaphia solani, host and parasite are closely related, and kin selection favours egg donation to related females. Further studies of kinship in CBP, brood merging and other contexts can test if some of these species are socially more advanced than presently known.
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I. INTRODUCTION
Kinship and indirect fitness sometimes plays a role where it is not expected (Hamilton, 1964; Hatchwell, 2010 ). An example is conspecific brood parasitism (CBP), a common alternative reproductive tactic in many egg-laying animals (Tallamy, 2005; Lyon & Eadie, 2008) . Most alternative tactics have been found in males (Alonzo, 2008; Taborsky, 2008) , but in CBP parasitic females lay eggs in nests of other females of the same species: hosts that assume the costs of incubating and raising the joint brood. In some respects, brood parasitism is a female counterpart to male extra-pair fertilization: a way of having more offspring without paying parental costs (Westneat & Stewart, 2003) .
CBP gained attention as an adaptive reproductive tactic in the 1980s (Yom-Tov, 1980; Andersson, 1984) . It was then suggested that kin selection might sometimes play a role in CBP, benefitting not only the parasite but also the host, if they are related Andersson, 1984) . A number of studies have since tested this hypothesis and are reviewed herein.
If a host receiving eggs from a relative gains inclusive fitness, the relationship is not parasitic. Depending on, for example, the number of parasitic eggs, it can vary from mutualism, through commensalism and kin-selected altruism, to parasitism with reduced host inclusive fitness. For simplicity however, 'parasitism' and CBP are here used generally when a female lays eggs in the nest of another female. Brood parasitism between species, such as cuckoos and their hosts, has long been studied (Davies, 2000) , but parasitism between females of the same species is less conspicuous and explored. It occurs in insects (Field, 1992; Tallamy, 2005) , fishes (Taborsky, 2008) , anurans (Harris, 2008) and birds, where Yom-Tov (2001) listed 234 species; there are probably many more. Parasitism sometimes involves sophisticated behavioural tactics, such as female swallows taking an own egg in the bill, flying with it to another nest and placing it there when the host is away (Weaver & Brown, 2004) .
Parasitism of related females occurs in some cooperatively breeding birds (reviewed by Vehrencamp & Quinn, 2004) . Our main focus here is the role of female relatedness and indirect fitness in CBP, in species where local females are often related. Among birds, brood parasitism is most common in waterfowl (Anseriformes; Yom-Tov, 2001) , which in contrast with other birds have female-biased natal philopatry, females often breeding near their birth site (Greenwood, 1980; Anderson, Rhymer & Rohwer, 1992; Clarke, Saether & Røskaft, 1997; Mabry et al., 2013) . Local females may therefore be related, with potential for kin-based sociality and inclusive fitness benefits for both host and parasite (Andersson, 1984) .
High frequency of CBP in waterfowl probably depends on several aspects of their breeding biology. Their precocial self-feeding young are less costly to raise than parentally fed young in altricial species (Yom-Tov, 2001 ). Parasitic eggs may therefore cause less fitness loss and lower levels of anti-parasite defence by hosts in precocial birds and insects (Rohwer & Freeman, 1989 Tallamy, 2005) , and may lead to higher success for parasitic eggs than in altricial species (Sorenson, 1992) . CBP is also biased towards species with large clutches and therefore a long period when parasitic eggs can be added before incubation starts (later eggs usually fail to hatch). Coloniality, with many nests to parasitize, is a third facilitating factor (Yom-Tov, 1980 Andersson, 1984; Beauchamp, 1997; Geffen & Yom-Tov, 2001; Waldeck et al., 2004; Eadie & Savard, 2015) .
Brood parasitism can add several alternative levels of reproduction to a flexible life history (Sorenson, 1991; Lyon & Eadie, 2008) . Four main levels are, in order of increasing investment: non-breeding, pure parasitism, normal own nesting, and own nesting combined with parasitism. Females may chose their tactic depending on ecological, social and physiological conditions and can switch tactics between years. Pure parasitism is sometimes the best or only option besides non-breeding, for instance after nest loss. Life-long pure parasites have not been found. At the other extreme, some fecund nesting parasites lay parasitic eggs before making their own nest, a tactic that can greatly increase offspring production (Sorenson, 1991; Åhlund & Andersson, 2001; Loeb, 2003; Andersson &Åhlund, 2012) . Successful nesting parasites have been found in many waterfowl and other birds (Eadie, 1989; Sorenson, 1991; Lyon, 1993; McRae & Burke, 1996; Kimwele & Graves, 2003; Roy Nielsen et al., 2006c; Reichart et al., 2010; Jaatinen et al., 2011b; Gong et al., 2016) .
The frequency of CBP depends on many interacting factors such as nest-site and host availability, population density and nest predation risk (Eadie, 1989 (Eadie, , 1991 Lank et al., 1989a,b; McRae, 1997; Lyon, 2003; Pöysä & Paasivaara, 2016) . Owing to advantages when rare, parasitism may spread until frequency-and density-dependent fitness effects prevent further increase (Lank, Rockwell & Cooke, 1990; Eadie & Fryxell, 1992; de Valpine & Eadie, 2008; Baran & Reeve, 2015) .
The causes and consequences of CBP in waterfowl are complex and debated. Their precociality and large clutches are probably major facilitating traits. In addition, with natal philopatry, some local females may be related and host and parasite may be close kin. Relatedness may sometimes lead to indirect fitness benefits for hosts (see Section VI), a possible contributing reason why CBP is particularly common in waterfowl. Some hosts may even gain inclusive fitness from CBP, which is then cooperative, not parasitic (Andersson, 1984) . A contrasting alternative view is that parasites avoid close relatives (Semel & Sherman, 2001) and that kin selection is unlikely in CBP (Ruusila, Pöysä & Runko, 2001; Pöysä, 2004) . The different hypotheses have inspired a number of models and field tests (reviewed by Lyon & Eadie, 2000; Eadie & Lyon, 2011) .
A theoretical possibility of host inclusive fitness gain was first demonstrated by a population-genetic model, suggesting that host discrimination of non-kin and acceptance of related parasites can spread if parasites gain higher survival by avoiding the risks of nesting (Andersson, 1984) . Assuming that parasitism has high costs for the host, however, Zink (2000) found in an evolutionarily stable strategy model that parasites should avoid relatives and instead target non-relatives. But if host costs are lower and resistance reduces the success of unrelated parasites, both host and parasite may gain inclusive fitness if the host accepts a closely related parasite (Andersson, 2001 (Andersson, , 2017 . The accuracy of kin recognition is crucial for the outcome (López-Sepulcre & Kokko, 2002; Jaatinen, Lehtonen & Kokko, 2011a) .
The hypothesis that hosts and parasites are sometimes close relatives and that kin selection contributes to CBP in waterfowl is refuted if average host-parasite relatedness is lower than neighbour relatedness, instead supporting parasite avoidance of relatives. If host-parasite relatedness is higher, the hypothesis that parasites avoid relatives is refuted. Hosts are predicted to favour relatives and reject unrelated parasites (Andersson, 1984 (Andersson, , 2001 López-Sepulcre & Kokko, 2002; Jaatinen et al., 2011a) . If hosts resist visiting relatives to the same degree as unrelated females, kin discrimination favouring relatives is refuted. Here we review evidence and tests of host-parasite relatedness and kin selection in brood parasitism and brood merging. Our main focus is on waterfowl and insects, in which most studies have been done.
II. WATERFOWL REPRODUCTION
Most waterfowl are relatively large birds, with a potential life span of several decades. Average clutch size varies among species from about 4 to 11 eggs. They are pale and unspotted, and females apparently do not discriminate between own and foreign eggs. Recognition of own eggs and rejection of parasitic eggs is common in some species with CBP and parental feeding of young (Lyon, 2007) , but not in precocial birds. Common goldeneye (Bucephala clangula) females sometimes remove eggs before laying their own clutch, but eviction of parasitic eggs during the host's laying sequence has not been observed.
Only females incubate, and in most ducks they care alone for the young, soon after hatching leading them to a suitable foraging area. In certain species, mainly sea ducks (Mergini), females sometimes merge broods (reviewed by Eadie, Kehoe & Nudds, 1988; Beauchamp, 1997; Eadie & Savard, 2015) . Geese and swans have biparental care, males remaining nearby while the female incubates, and the entire family in some species remains together through the first winter or longer (Ely, 1993) .
In many waterfowl, pair formation takes place long before the nesting season. The male follows his mate to her breeding area, often near her birth site (Anderson et al., 1992) . Some neighbour females are therefore related, with potential consequences for social behaviour and inclusive fitness (Andersson &Åhlund, 2000; McKinnon, Gilchrist & Scribner, 2006; Roy Nielsen et al., 2006c; Waldeck et al., 2008; Jaatinen et al., 2009a Jaatinen et al., , 2011b Anderholm et al., 2009b; Sonsthagen et al., 2010; Fishman et al., 2011; Hario, Koljonen & Rintala, 2012) . Most ducks have dispersed nests, but common eiders (Somateria mollissima) and geese often breed in colonies, where high nest density facilitates CBP. Other ducks sometimes also breed at high density, with much CBP (Eadie & Savard, 2015) , for instance in colonies of gulls or terns offering protection from predators (Craik & Titman, 2009) .
III. METHODS (1) Detection of parasitism
Before molecular-genetic methods became available, CBP was often inferred by larger than normal clutch size, addition of more than one egg per day, addition after incubation start, and differences in egg size, shape and colour (reviewed by Eadie & Savard, 2015) . Such methods have limited detection power: in goldeneyes, three of these criteria together identified 75% of parasitized nests . Combination of more than one egg added per day, or a clutch exceeding 12 eggs, in goldeneyes detected less than half of the parasitic eggs found by protein fingerprinting (Andersson &Åhlund, 2001) .
Accurate large-scale determination of parasitism and maternal identity in CBP became practical with molecular-genetic methods such as DNA fingerprinting and microsatellite analysis of blood samples (e.g. McRae & Burke, 1996; Roy Nielsen et al., 2006c) . A molecular technique developed specifically for this purpose is protein fingerprinting of egg albumen (Andersson &Åhlund, 2001) . A sample of albumen is drawn through a narrow hole in the eggshell, which is then sealed with superglue, preserving full hatchability. Isoelectric focusing electrophoresis of the sample then produces a stable band pattern, characteristic for the female. Protein fingerprinting detected all 100 cases of parasitism revealed by video recording and inspection after each female nest visit (Andersson &Åhlund, 2001 ).
(2) Estimation of host-parasite relatedness
There are several molecular methods for analysing host-parasite relatedness. Using DNA fingerprinting McRae & Burke (1996) found that host and parasite in moorhens (Gallinula chloropus) were often closely related. This was a consequence of relatively common natal philopatry (in both sexes) and parasitism of related neighbours. There was no evidence of nepotism: parasitic females did not prefer relatives before other females, nor were hosts more tolerant of related parasites.
Among waterfowl, host-parasite relatedness was first estimated in common goldeneyes by protein fingerprinting of egg albumen (Andersson &Åhlund, 2000) . More recently, DNA microsatellite analysis of blood samples from females and chicks or embryos has often been used (Table 1 ; e.g. Roy Nielsen et al., 2006c) . Individual estimates of relatedness by these methods usually have low precision, but they are useful for estimating average levels of relatedness and differences between categories, such as host-parasite pairs versus other females (Andersson &Åhlund, 2000; Anderholm et al., 2009a) . With microsatellites, using additional satellites can often increase estimate precision. Protein fingerprinting produces fewer bands and therefore lower precision, but it has the advantage that egg albumen reflects the genotype of only the egg-laying female, not her mate. Also, eggs can be sampled soon after being laid, avoiding predation loss and bias that may arise before blood sampling of embryos or chicks can be done for DNA analysis.
Both protein fingerprinting and DNA-based analyses may underestimate relatedness of close kin (Reeve, Westneat & Queller, 1992; Andersson &Åhlund, 2000; Andersson & Waldeck, 2007; Wang, 2017) . But there is also a risk of 'false positives', for instance if a host offspring is mistakenly ascribed to a parasite, which may then be scored as a close relative of the host. Other independent evidence (see Section III.1), such as more than one egg being added to the nest on the same day, clear differences in egg morphology etc., are therefore useful for verifying parasitism when the main detection method is molecular-genetic. Analysis of 104 offspring in geese, using two independent molecular methods, protein fingerprinting and microsatellites, gave almost identical results, with no false positives but one false negative (Anderholm et al., 2009a) . This and other evidence indicates that false positives are avoided in careful molecular analyses of CBP.
Pairwise relatedness (r) is usually estimated relative to the average of all pairs of individuals that can be formed in the total sample (Queller & Goodnight, 1989; Wang, 2017) . Positive (r > 0) and negative values (r < 0) are therefore about equally common, spread around an average relatedness of 0. A positive value indicates that the two individuals are more closely related than the average of all pairs, a negative value that they are less related than the average.
IV. HOST-PARASITE RELATEDNESS (1) Common goldeneye
The Holarctic common goldeneye usually nests in tree cavities or nest boxes near lakes or rivers. Average non-parasitized clutch size is about eight eggs. Parasitism is common in natural cavities as well as nest boxes, with sometimes over 20 eggs in a nest Dow & Fredga, 1984; Eadie, 1989 ; Åhlund, 2001) . Nest desertion becomes more likely when the total clutch exceeds about 15 eggs (Eadie, 1989; Åhlund, 2001) .
Goldeneye females and their eggs are at risk of predation, in northern Europe mainly by pine marten (Martes martes). Predation risk varied among sites in south-east Finland, and females preferred breeding at lakes with most non-predated nesting attempts the previous year. Parasitism increased with predation risk (Pöysä, 1999; Pöysä & Paasivaara, 2016) . Prospecting goldeneye females visit nests after the incubation period, when hatching success can be judged, and apparently use this information in the next year's breeding decisions (Eadie & Gauthier, 1985; Zicus & Hennes, 1989; Pöysä, 1999; Åhlund, 2001) .
Parasitism is particularly common in cavity-nesting ducks (Eadie & Savard, 2015) , and it has been suggested that CBP in these species is not mainly a reproductive tactic, but a result of competition over nest sites (Erskine, 1990; Semel & Sherman, 2001 ). Other studies, however, found that parasitism is a common tactic even with nest cavities in excess (Eadie, 1989 (Eadie, , 1991 Pöysä, 1999; Åhlund, 2001) . Females often laid eggs in nests experimentally primed with several eggs, but in many cases they did not incubate the clutch (Eadie, 1989) .
Using video recording, Åhlund (2005) showed that parasitism in goldeneyes is a distinct behavioural tactic. In 11 of 13 nests, parasite behaviour differed markedly from that of the host. Parasites tended to visit nests at other times of the day than hosts, which in contrast with parasites deposited down and covered the eggs when leaving, and spent longer time in the nest when laying an egg. The host in many cases blocked the entrance and prevented other females from entering, but sometimes the parasite entered and laid an egg while the host remained in the nest, apparently without physical conflict. Using video recording, McRae (1996) showed that egg-laying parasitic moorhens also acted differently than hosts. Parasites seem to be aware that their visit is often unwelcome and adjust their actions to succeed.
Protein fingerprinting of 902 goldeneye eggs at Lake Mjörn, south-west Sweden, showed that 42 of 71 (59%) nests were parasitized, 47% of the eggs being parasitic (Andersson &Åhlund, 2000 (Andersson &Åhlund, , 2001 . As some eggs were not laid by the host, her average relatedness to the young was not 0.5 but about 0.4. Compared to other females, host and primary parasite were more closely related, with mean r = 0.13, about the level of cousins ('primary' is a single parasite, or if several, the one laying the most eggs). The great majority of host-parasite (h-p) pairs had low relatedness, but there were some pairs with r ≈ 0.5 (probably first-order relatives: mother-daughter or sisters). Among 20 parasites that each laid eggs in several nests, mean relatedness to the host where the parasite laid the most eggs was 0.13, whereas it was low (mean −0.03) where she laid only one. Host-parasite relatedness also tended to be higher in hatching than in abandoned or depredated nests.
The results cannot be fully explained simply by local relatedness and random parasitism of neighbours. Among 1172 wing-tagged ducklings, 29 were caught as returning females, colour-marked and regularly observed at the nesting lake. Birth nest-mates (host female, and ducklings hatched together in the same nest) associated at the lake and became host-parasite pairs significantly more often than non-nest-mates in the same area. The results suggest that kin discrimination and association between adult birth nest-mates contributes to host-parasite relatedness (Andersson &Åhlund, 2000) . Pöysä et al. (2014b) primed nest boxes with three eggs and found that sometimes more than one female then added eggs to the same box. Average relatedness in such pairs of 'co-parasites' was 0.13, similar to host-parasite pairs above. The eggs laid by goldeneyes were removed, so it is not known if some females would have gone on to incubate as hosts. Females sometimes take over and incubate nests already containing eggs (Eadie, 1989) .
Among 44 breeding females ( Fig. 1) , three categories were identified byÅhlund & Andersson (2001): pure parasites laying only parasitic eggs (15 females); normal-nesting females laying no parasitic eggs (14); nesting parasites, laying parasitic eggs before laying and incubating an own clutch (15). Nesting parasites laid on average 12.2 eggs and had much higher success than others. Also their relative success (proportion hatching, duckling survival) was higher, supporting suggestions that nesting parasites are higher quality or in better condition (Sorenson, 1991; Lyon & Eadie, 2008) . The most successful female laid 21 eggs, as compared to the average normal clutch of 7.9. Some females switched tactic between years. Eadie (1989) found similar patterns in common and Barrow's goldeneyes (Bucephala islandica) in Canada.
(2) Barrow's goldeneye
Brood parasitism is common also in Barrow's goldeneye, sister species of the common goldeneye, with similar biology (Eadie, Savard & Mallory, 2000) . In a long-term study in British Columbia, Eadie (1989 Eadie ( , 1991 estimated that 31-64% of about 600 nests were parasitized, with on average 3.4 extra eggs. Experimental manipulation of nest-box density showed that parasitism increased with the proportion of boxes occupied, but parasitism was relatively high also with nest boxes in excess (Eadie, 1989 (Eadie, , 1991 Eadie et al., 2000) . An estimated 21% of females were pure parasites, 55% normal nesting and 24% nesting parasites. Pure parasites tended to be young and lay the fewest eggs; nesting parasites had the highest success. Some females switched tactics between years.
In a nearby area in British Columbia, Jaatinen et al. (2009b) analysed CBP with protein fingerprinting during two seasons. Parasitism occurred in 58% of 99 sampled clutches, and 21% of 1098 eggs were parasitic. Nest desertion probability increased with the number of parasitic eggs. The number of host eggs tended to decrease with increasing host-parasite relatedness and number of parasite eggs.
Sampling 32 breeding females and 272 ducklings Jaatinen et al. (2009a Jaatinen et al. ( , 2011b ) estimated pairwise relatedness with 19 microsatellite loci. Host-parasite and close neighbour relatedness (r = 0.08 and 0.11) were higher than average pairwise relatedness. Natal philopatry alone did not explain host-parasite relatedness. Both nest distance and h-p relatedness independently influenced the amount of parasitism. The number of eggs laid by a pure parasite was independent of host-parasite relatedness, but in nesting parasites the number of eggs they added increased with relatedness to the host (Jaatinen et al., 2011b) . One of several possible reasons is a more area-restricted search by parasites with an own nest and knowledge about nests of local relatives. Pure parasites might roam wider in search for nests and therefore often parasitize non-relatives.
(3) Common eider
Common eiders are marine ducks, feeding mainly on molluscs and crustaceans and often nesting in colonies on islands that offer some protection from mammalian predators. Eiders can be long-lived: the oldest female found incubating was at least 33 years old (Coulson, 2010) . Many females breed near where they were born (Franzmann, 1983; Baillie & Milne, 1989; Swennen, 1990) . The sex ratio is strongly male-biased in some populations, in part because of predation on nesting females (Öst & Jaatinen, 2015; Waltho & Coulson, 2015) . Eiders are capital breeders, producing their clutch of usually 3-6 eggs mainly from resources gathered before egg laying. Males leave the mate shortly thereafter. As egg predation risk is high, females do not leave the nest to feed, but do so briefly to drink. They lose as much as 30-40% body mass during the ∼26 day incubation period, and the largest cost of nesting may therefore be stressful risky incubation rather than egg production. A female may skip nesting if her condition is low or other circumstances are unfavourable; such non-breeding is frequent in eiders (Waltho & Coulson, 2015) . Whether some such females instead lay eggs parasitically is not known.
CBP has been found in many eider populations, and its frequency varies considerably depending on nest density and visibility; nine estimates range from 6 to 42% parasitic eggs (Eadie & Savard, 2015) . Soon after hatching the female leads her brood to a suitable feeding area, which may be far from the nest site (Goudie, Robertson & Reed, 2000; Waltho & Coulson, 2015) . Some females merge their broods; whether because of accidental mixing or for adaptive reasons is debated (see Eadie & Savard, 2015 , for a review).
Owing to natal philopatry, eider females in a colony are often related (Tiedemann, von Kistowski & Noer, 1999; Waldeck et al., 2008; Sonsthagen et al., 2010) . At Southampton Island, Canada, association between related females was found in three contexts (McKinnon et al., 2006) ( Fig. 2 ): (i) arriving females caught together in a net when flying to the colony; (ii) nesting females in relation to their three nearest neighbours with nests started before the focal female started hers; and (iii) females leaving for the shore with her brood, relative to females that joined the departing family. In all three cases mean female relatedness (0.07, 0.06 and 0.06) was higher than the average in the colony (−0.004; McKinnon et al., 2006) .
Is host-parasite relatedness in eiders simply a consequence of strong natal philopatry and neighbour relatedness? Probably not: relatedness between host and parasite was higher than between nearest neighbours both in Hudson Bay, Canada (Andersson & Waldeck, 2007) and in the Baltic Sea. Figure 3 shows the distance trend (up to 7 km) in relatedness among females in a south-west Finland archipelago (Waldeck et al., 2008) . As expected from natal philopatry, relatedness was highest at short distances, and nearest neighbours (<20 m nest distance) had an average r of about 0.07. But mean host-parasite relatedness was higher, estimated with two methods at 0.18 -0.21. Local female relatedness and random parasitism therefore does not suffice to explain the high host-parasite relatedness in these populations. Kin recognition and tolerance of related females are probably also involved (see Section V.5). Female kin recognition and association is also suggested for Alaskan, Baltic Sea and Svalbard eiders (Sonsthagen et al., 2010; Tiedemann et al., 2011; Andersson et al., 2015) .
In a colony at Kongsfjorden, Svalbard, average host-parasite relatedness was low, 0.04 (Andersson et al., 2015) . The highest estimates, based on seven microsatellites, come from colonies in Iceland and the Baltic Sea: 0.28 and 0.39 (Tiedemann et al., 2011) . Old eider females were parasitized more often than others and had fewer own and more parasitic eggs, with high host-parasite relatedness (see Table 1 ). Three females over 15 years old had no own eggs in the clutches they incubated. Tiedemann et al. (2011) suggested that reproductively senescent females cooperated with younger relatives, incubating their eggs.
Observations at a very dense eider colony in Iceland revealed female interactions (Kristjansson & Jónsson, 2015) . When nest owners temporarily left, other females in 21 of 39 cases attended and sat on the nest. Such behaviour may be a response to stimuli from many clutches in a dense nesting colony; it may reduce egg cooling and predation risk. Short incubation spells by other females were also observed in a Svalbard eider colony (P. Waldeck, unpublished observations).
Nest takeover occurs at some eider nests, started by a female laying one or two eggs, after which another female takes over and lays the rest (Robertson, 1998; Waldeck & Andersson, 2006; Hario et al., 2012; Andersson et al., 2015) . Taken-over nests had significantly higher early egg survival than other nests (Robertson, 1998; Waldeck & Andersson, 2006) . The reasons for nest takeover and lower predation are not clear, but competition over a safe nest site is one possibility (Ruxton, 1999) . Another is that egg-laying by two females reduces the time the nest is unattended, lowering predation risk (Robertson, 1998 ). An already started nest also contains down and other egg-sheltering material, which otherwise may take several days to gather. Incubation began 2-3 days earlier in experimental nests with sheltering material (Fast, Gilchrist & Clark, 2010) .
Nest takeover tends to be kin-biased (Andersson & Waldeck, 2007; Andersson et al., 2015) , and in some cases it may involve cooperative nest sharing. Video recordings suggest that host females aggressively reject unrelated females (see Section V.5). As mentioned above, old females may sometimes take over and incubate a clutch laid by a close relative (Tiedemann et al., 2011) . Nest takeover between two relatives, each unable to produce a large clutch of 5-6 eggs, may lead to inclusive fitness gain for both (see Section VI), for instance if each would otherwise incubate their own nest with a few eggs, or if one of them would lay fewer eggs as a parasite, or none at all. These and other observations (McKinnon et al., 2006) suggest that eider sociality may be more advanced than presently recognized.
There are large differences in average host-parasite relatedness among eider studies in Table 1 . A possible factor involved is differences in day length. At low latitudes incubating females during the dark night can leave the nest unseen to drink, and guard the nest during the day (Swennen, Ursem & Duiven, 1993; Bolduc & Guillemette, 2003) . At high latitudes, such as Svalbard with 24 h light during summer, a female leaving to drink must do so in full light. Other females, whether related or not, can see her leave and then visit her nest for egg-laying. Permanent daylight therefore might contribute to lower host-parasite relatedness in high-latitude populations (Table 1) . Fig. 4 . Distribution of pairwise relatedness between host and primary parasite, host and all parasites in the nest, and all pairs of individuals in a sample of 53 wood ducks. Note the frequency peak for host-parasite pairs with r ≈ 0.5. Modified from Roy Nielsen et al. (2006c) .
(4) Wood duck
The North American wood duck (Aix sponsa) is a small cavity-nesting duck with a high reproductive rate and frequent brood parasitism. Average non-parasitized clutch size is about 10 eggs, and females sometimes produce two clutches in a year.
Most studies of CBP in wood ducks and other cavity-nesting species are based on nest boxes, in wood ducks often on poles in or near water to reduce predation by mammals. Many females can find such boxes, leading to high parasitism and low success (Semel, Sherman & Byers, 1988) . Roy Nielsen, Gates & Parker (2006a) showed, however, that there is parasitism also in natural nests in forest tree cavities: 85% of 39 such nests had parasitic eggs. Goldeneye nests in natural cavities are also often parasitized (see Section IV.1). CBP is clearly a natural behaviour in cavity-nesting ducks, not an artefact caused by nest boxes.
The first study of host-parasite relatedness in wood ducks, based on behavioural observations of marked females, concluded that parasites avoid close relatives (Semel & Sherman, 2001) . A later microsatellite study of 27 host-parasite pairs in the same population reached a different conclusion (Roy Nielsen et al., 2006c) . Average relatedness between host and primary parasite (the parasite with the most offspring in the nest) was 0.11. Other results indicated little or no spatial clustering of relatives within the study area, and returning females nested on average 2.2 km from their birth nest (Roy Nielsen et al., 2006c) . Host-parasite relatedness was not explained by natal philopatry alone. From the host perspective, relatedness to the parasite was significantly higher than expected by chance. Host-parasite relatedness was low in nests started early, but near the level of first-order relatives in nests started late. As in goldeneyes, host and parasite were usually unrelated, but in some cases they were close relatives, and there is a frequency peak at r ≈ 0.5 for h-p pairs (Fig. 4) . All four females that parasitized a likely first-order relative were primary parasites.
Average host clutch was 9.3 eggs, plus 3.3 parasitic eggs. Hatchability tended to be lower in parasitized nests (Roy Nielsen, Parker & Gates, 2006b ). Studies in other populations report lower hatchability (Odell & Eadie, 2010) and frequent nest abandonment when nests receive many parasitic eggs (reviewed by Roy Nielsen et al., 2006a) . In contrast with goldeneyes (see Section IV.1), the choice of nest box seemed not to depend on success in the previous year (Roy et al., 2009 ).
(5) Mandarin duck
The mandarin duck (A. galericulata) is Asian sister species of the North American wood duck, with similar breeding biology, including brood parasitism (Deng et al., 2011) . Using microsatellites, Gong et al. (2016) studied a nest-box-breeding population in natural habitat in north-east China. Among 40 nests, 31 were parasitized, 34% of 469 offspring being parasitic. Average non-parasitized clutch size was 10 eggs; parasitized nests contained on average four foreign eggs. Many parasitic females also incubated a nest of their own. Average host-parasite relatedness was 0.12, with several cases of r ≈ 0.5, suggesting first-order relatives. Pairwise female relatedness decreased weakly with increasing distance over the 5 km wide study area. Related females were scattered in the area, and h-p relatedness was not fully explained by female philopatry alone; kin discrimination may also be involved (Gong et al., 2016) .
(6) Barnacle goose
Geese have biparental care, and males often participate in defence of the nest against intruders, yet CBP is relatively common (Lank et al., 1989a,b; Forslund & Larsson, 1995; Moore et al., 2012) . In a Baltic Sea colony of barnacle geese (Branta leucopsis), microsatellites and protein fingerprinting showed that 31 of 86 nests surviving until hatching were parasitized, 12% of 428 eggs being parasitic (Anderholm et al., 2009a,b) . Most parasitism was a 'best of a bad job' tactic, the eggs failing to hatch as they were laid after the host began incubation (see also Forslund & Larsson, 1995) .
Nesting neighbour females were more closely related (mean r = 0.14) than others, but host-parasite relatedness was low (mean r ≈ 0.04). There was, however, an indication of higher h-p relatedness in timely nests than in those parasitized after the start of incubation (Anderholm et al., 2009b) . Can related females access the nest more easily than others during the host's laying sequence (see Section V.5)?
(7) Canada goose
Local females are often related in the Canada goose (B. canadensis) (Fowler, 2005) . In a Michigan population where host females and embryos in eggs were profiled with microsatellites, 26% of 42 nests had one or more parasitic eggs (Moore et al., 2012) . Host relatedness to her nest's parasitic offspring was on average 0.15, significantly higher than population mean relatedness (Fig. 5) . Assuming that the father of the parasitic egg is unrelated to the host female, this implies average r = 0.30 between host and parasite female. In 4 of 11 cases the estimate indicated that they were sisters or mother-daughter. Host-parasite relatedness also in this study shows a local peak for r ≈ 0.5. In Fig. 5 this is the peak at r ≈ 0.25 for host versus parasite offspring, reflecting host-parasite female r ≈ 0.5.
(8) Summary
Host-parasite relatedness has been estimated with molecular methods in seven species (10 studies) of waterfowl (Table 1) . In each study, h-p relatedness was higher than pairwise relatedness among random females in the local population, average h-p r ranging from 0.04 to 0.48. The hypothesis that parasites avoid relatives is therefore rejected: relatives in most cases were parasitized more often than expected by chance. Host-parasite relatedness also tended to be higher for parasites with several offspring in the nest than for parasites with only one (Andersson &Åhlund, 2000; Roy Nielsen et al., 2006c; Waldeck et al., 2008; Jaatinen et al., 2009a) . The number of eggs laid by nesting parasites increased with relatedness to the host in Barrow's goldeneye (Jaatinen et al., 2011b) .
With female-biased natal philopatry, relatedness between two females is expected to decrease with increasing distance between their nests. There is clearly such a trend in an eider study spanning nest distances up to 7 km in SW Finland (Waldeck et al., 2008) (Fig. 3) . Nearest neighbour females, nesting <20 m from each other, had a mean relatedness of about 0.07. The trend was also negative but not statistically significant in three other studies (Jaatinen et al., 2009a; Anderholm et al., 2009b; Andersson et al., 2015) .
Parasites are likely to benefit from parasitism, and have no reason to avoid well-timed laying in an accessible nest of an unrelated host. As therefore expected, host and parasite are usually unrelated (with negative or low positive r estimates).
However, in most studies several h-p pairs had high estimates, r ≈ 0.5. There is a local frequency peak in this region in wood duck (Fig. 4) and Canada goose (Fig. 5) , and also in goldeneye (see Andersson &Åhlund, 2001 ). High h-p relatedness is frequent also in other studies: Andersson & Waldeck (2007, fig. 2 ), Jaatinen et al., (2011b, fig. 2 ), Andersson et al., (2015, fig. 1 ) and Gong et al. (2016) , fig. 2 ). But such high frequency of closely related h-p pairs (r ≈ 0.5) is not a consequence of close relatives being common in the populations. The background population frequency of r ≈ 0.5 in Figs 2, 4 and 5 is much lower than among host-parasite pairs. The results suggest that parasites often target a close relative, if available.
Moreover, relatedness was higher between host and parasite than between nesting neighbour females in the two eider populations where this was studied, the differences in r being 0.09-0.19 (Andersson & Waldeck, 2007; Waldeck et al., 2008) . Spatial kin structure and random parasitism among neighbours therefore cannot fully explain the high levels of host-parasite relatedness. Some additional mechanism contributes. For example, parasites may more often visit nests of close relatives than of others, and hosts may be more tolerant of relatives than of unknown females trying to lay eggs in the nest (see Section V.5). In eiders, association between related females was also observed in three other social contexts than brood parasitism, in several cases with r ≈ 0.5 (McKinnon et al., 2006) (Fig. 2 above) .
V. CAUSES OF HOST-PARASITE RELATEDNESS
Several traits that evolved for other reasons may increase the likelihood that related females become host-parasite pairs. Some behavioural tactics, however, may be favoured by selection precisely because they lead to parasitism between relatives, increasing the inclusive fitness of parasite, host, or both.
(1) Natal philopatry A major precondition for parasitism of relatives in waterfowl is female-biased natal philopatry, otherwise unusual among birds (Greenwood, 1980; Anderson et al., 1992; Clarke et al., 1997; Mabry et al., 2013) . Females, not males, tend to breed near where they were born, and local females are therefore often related (see the trend in Fig. 3 ). Such kin structure may lead to host-parasite relatedness simply through random parasitism of neighbours. However, natal philopatry and local relatedness on its own does not suffice to explain some of the results, for example stronger association in the breeding area between goldeneye birth nest-mates than between other adults, and higher relatedness between host and parasite than between close neighbours in eiders. Some mechanism in addition to natal philopatry contributes to high host-parasite relatedness (Andersson &Åhlund, 2000; Roy Nielsen et al., 2006c; Andersson & Waldeck, 2007; Waldeck et al., 2008; Jaatinen et al., 2009a Jaatinen et al., , 2011b Andersson et al., 2015; Gong et al., 2016) .
(2) Joint dispersal
Although important in waterfowl, natal philopatry is not necessary for host-parasite relatedness. Joint dispersal and settlement can also make close relatives become breeding neighbours. Likely examples are barnacle goose (van der Jeugd, van der Veen & Larsson, 2002) and magpie goose (Anseranas semipalmata) (Horn, Rafalski & Whitehead, 1996) . In barnacle goose, sisters born the same year (in the same nest) often breed near each other as adults, but not brothers, nor sisters born in different years. Some dispersing female nest-mates seem to settle near each other for breeding, probably owing to kin recognition and association (van der Jeugd et al., 2002) . Joint dispersal of relatives occurs in some cooperative breeders (Koenig & Mumme, 1987; Sharp, Simeoni & Hatchwell, 2008) . In several other birds, relatives may disperse and settle together, with preserved scope for kin interactions (e.g. Wang & Lu, 2014; Grønstøl et al., 2015; Grabowska-Zhang et al., 2016 ; reviewed by Cote et al., 2017) , but CBP and host-parasite relatedness has not been studied in such cases.
(3) Reproductive similarities between relatives
For genetic, social and environmental reasons related females may have more similar timing of egg-laying and choice of nest site than unrelated females, increasing the chances of parasitism between relatives. Long-term association between related females may enhance reproductive synchrony. Long-lasting family cohesion is common in geese (e.g. Weegman et al., 2016) , and female long-term bonds may exist also in ducks (see Section VIII.4). There is evidence of kin synchrony in nesting snow geese Anser caerulescens (Findlay & Cooke, 1982) . In eiders no strong effect was found of heritable similarity in breeding time between close relatives (Hario et al., 2012) .
(4) Joint nest prospecting
Scarcity of suitable nest sites may lead to increased parasitism, especially in cavity-nesters (Eadie, 1991; Pöysä & Paasivaara, 2016) . During and after the hatching period, when nest success can be judged from its eggshell remains, singles or groups of goldeneye females search for and enter nest cavities. The information they obtain can be of help in choosing a suitable cavity next year (see Section VI.1). Prospecting groups of goldeneyes are mainly yearlings, failed nesters and pure parasites, and sometimes contain relatives. Birth nest-mates occurred together among females caught in nest-cavity traps, and a yearling female followed her mother to the nest with hatching eggs (Åhlund, 2001 ). Prospecting and gathering information together may increase the chances of future parasitism between close relatives.
Goldeneyes prefer safe nest sites (Pöysä, 1999; Pöysä & Paasivaara, 2016) . This was suggested to generate high host-parasite relatedness, even if females act independently and without individual recognition (Pöysä, 2004; Pöysä, Eadie & Lyon, 2014a) . But as parasites unrelated to the host also probably prefer to lay eggs in safe nests, it is not clear that such a preference leads to higher average host-parasite relatedness. A formal model may show if this is possible. In two other species with frequent CBP, wood duck and common eider, parasite preference for safe nests was not found (Roy et al., 2009; Lusignan et al., 2010 ; see also Eadie & Savard, 2015) .
(5) Kin recognition and rejection of non-kin
Kin recognition and favourable responses to relatives, which is common in cooperative species (Komdeur, Richardson & Hatchwell, 2008) , are important components of Hamilton's (1964) genetic theory of social evolution. Discrimination by hosts favouring relatives is also part of the hypothesis that host-parasite relatedness plays a role in and leads to higher levels of CBP in waterfowl Andersson, 1984) . Kin discrimination is refuted if hosts in general reject visiting birth nest-mates and other close relatives to the same degree as unrelated females.
There are several kinds of evidence for a role of kin recognition in waterfowl. Female goldeneyes and barnacle geese often associate with birth nest mates, probably learning to recognize each other when growing up together (Andersson &Åhlund, 2000; van der Jeugd et al., 2002) . In Canada geese, choice experiments indicate that goslings can recognize members of their own sibling group when only a few days old (Radesäter, 1976) . Self-referent kin-matching is another possibility (Petrie, Krupa & Burke, 1999; Hauber & Sherman, 2001; Dickinson, 2007) . However, adult female barnacle geese nested close to sisters only if born in the same nest and year, not different years, suggesting that learned recognition is at work (van der Jeugd et al., 2002; see also Kurvers et al., 2013) .
On what cues does recognition depend? Calls are important in several birds (e.g. Beecher, 1988; McDonald & Wright, 2011) , and visual cues may also be involved (Palestis & Burger, 1999) . Recognition may also be based on olfaction (Krause et al., 2012; Rossi et al., 2017) . A study of cooperatively breeding long-tailed tits (Aegithalos caudatus) found that their behaviour was consistent with recognition learned by association, and that these birds can discriminate between kin and non-kin based on individual-specific characteristics of contact calls. Experiments showed that individuals learn such calls from provisioning adults (Sharp et al., 2005) . There is evidence of kin discrimination based on association learning also in other cooperative breeders (Komdeur et al., 2008) .
In common goldeneyes, relatedness to the host was highest in nests where the parasite laid several eggs. Females parasitized their birth nest-mates more often than expected by chance, and such females were associated in the nesting area more often and for longer periods than other females (Andersson &Åhlund, 2000) . Also in wood duck (Roy Nielsen et al., 2006c ) and Barrow's goldeneye (Jaatinen et al., 2009a (Jaatinen et al., , 2011b , the number of parasitic eggs or young increased with host-parasite relatedness. In Barrow's goldeneye, the number of eggs laid by the parasite increased with relatedness to the host in nesting parasites but not in pure parasites. The host seemed to reduce her own clutch in proportion to host-parasite relatedness (Jaatinen et al., 2011b) , suggesting kin recognition and favouritism of close relatives.
Kin discrimination and female rejection of unrelated parasites can contribute to host-parasite relatedness, but so can reproductive similarities between relatives (Section V.3). Behavioural tests of kin discrimination are therefore needed. Video recordings at 65 nests in a Svalbard eider colony showed that some interactions were peaceful, such as an arriving female laying down beside the calmly incubating female (Andersson et al., 2015) . But in most cases the incubator made a quick rush and chased away the intruder. If she did not flee, the females engaged in a bill clash or biting fight, ending when one of them withdrew, usually the intruder. Among 11 video-recorded parasitized nests there was overt aggression at eight, tolerant interactions at two, and no recorded interaction at one. Average host-parasite relatedness was significantly lower at nests with aggression, usually with r < 0 (i.e. lower than between random females). This and other results suggest that host females discriminate and try to reject non-relatives approaching the nest (Andersson et al., 2015) . There is also evidence of kin discrimination in eider brood merging (Jaatinen et al., 2012;  see Section VIII.2).
(6) Parasite advantages of targeting relatives
If a parasite can lay her egg(s) in the nest of an unrelated host, she is likely to increase her expected number of offspring. But trying to lay eggs in the nest of an unknown female may fail for several reasons (Roy Nielsen et al., 2006b,c; Anderholm et al., 2009a,b; Štovíček et al., 2013) . A close relative may offer a safer possibility; host-parasite relatedness tended to be higher in successful than in failing goldeneye nests (Andersson &Åhlund, 2000) .
Related females in goldeneyes and eiders often associate in the breeding season (Andersson &Åhlund, 2000; Åhlund, 2001; McKinnon et al., 2006) . They are then likely to learn about each other's nest location and timing, facilitating successful parasitism, before the host starts incubation. By contrast, poor timing is a risk when the parasite has little information about reproduction of the host. Hatching success of parasitic eggs laid after host incubation starts is usually low Semel & Sherman, 1992; Anderholm et al., 2009a) . Host resistance against an unrelated female may lead to injury of the female or eggs, and conflicts may attract predators and increase the risk of predation and nest desertion. Unknown to the parasite, there may not even be a female to incubate the eggs: some wood ducks and goldeneyes parasitized experimental nests without a host (Odell & Eadie, 2010; Pöysä et al., 2014a) , and eggs are sometimes added in abandoned nests. Free access for parasites to deserted nests may lead to many eggs laid in vain, and to much larger than normal clutches, as found in many waterfowl with frequent brood parasitism (Eadie, 1989; Åhlund, 2001; Roy Nielsen et al., 2006a; Craik & Titman, 2009; Jaatinen et al., 2009b; Odell & Eadie, 2010; Waltho & Coulson, 2015) .
In the clutch size interval where the host has no direct cost of receiving some extra eggs (Fig. 6) , there is no reason to resist a close relative, as both females may gain inclusive fitness (Andersson, 2017, and Section VI) . But the host is likely to benefit by rejecting non-relatives, preventing the total clutch from becoming too large. If there is no resistance, several parasites may add eggs to the nest and make its total clutch so large that hatching success declines strongly (see Fig. 6 , and Section VII). This is a real risk, as large clutches with poor success occur in many waterfowl and are often abandoned. For the host it is adaptive to reserve for a relative the privilege of laying parasitic eggs, and reject unrelated females that offer no indirect inclusive fitness gain.
(7) Causes of host-parasite relatedness: summary
Several traits can increase the likelihood of host-parasite relatedness, some of them fortuitously having this consequence, others being favoured by selection because they lead to inclusive fitness benefits for parasite, host, or both. (i) Female-biased natal philopatry or joint dispersal can generate local genetic structure where some females are closely related. (ii) Female close relatives may have similar nest site preferences and timing of egg-laying. (iii) Association between relatives during the breeding season can lead to mutual knowledge about nests, timing of egg-laying, and suitable future sites. (iv) Host kin discrimination, with rejection of unrelated parasites and acceptance of relatives, can lead to inclusive fitness benefits for both host and parasite.
VI. HOST INCLUSIVE FITNESS
The parasite has the initiative, and her choice to parasitize may represent her currently best feasible option. But theory suggests that also the host in some cases can gain fitness when parasitized by a relative (see Section I). Host inclusive fitness was recently estimated with reproductive data from eiders and goldeneyes, as outlined below (for details, see Andersson, 2017) .
(1) Parasite reproductive advantage A host cost of being parasitized is reduced hatching success in large clutches. Eider hatching decreases beyond about six eggs (Waltho & Coulson, 2015) , and usually few or no eggs hatch in clutches larger than nine. But between about three and six eggs (Fig. 6) , hatching probability per egg remains similar if an egg is added. The host may then gain inclusive fitness if parasitized by a relative. Consider a female unable to nest on her own, for instance because her condition is too low for successful production and care of her own brood (see Section IV.3), or because her nest is destroyed during the laying sequence. If she then lays b P parasitic eggs, compared to not doing so her expected benefit B in terms of hatched eggs is
Here, b H is the host's own clutch size, h(b H + b P ) is the probability of survival of an egg in a clutch of total size b H + b P , and S N is the host's probability of surviving the breeding period (necessary for the brood to survive; host survival for simplicity is assumed to be independent of clutch size). The cost C for the host, caused by reduced success in the parasitized clutch, in terms of fewer hatching own eggs is
Compared to non-parasitized nesting, the change in host inclusive fitness when parasitized by a relative is then I = r·B − C, where r is the genetic value of a parasitic offspring to the host, relative to the value of an own offspring. If I > 0, Hamilton's rule is satisfied (r·B > C), and the host gains inclusive fitness.
With parameter values typical for eiders, hosts can gain inclusive fitness from one or a few parasitic eggs, also with rather low relatedness r (Fig. 7) . The results indicate that considerable inclusive fitness gain is sometimes possible for a host eider parasitized by a close relative that otherwise could not breed. The situation is similar for common goldeneyes (Andersson, 2017) . If the clutch becomes too large, however, host success declines sharply.
This model considered a situation where the parasite cannot successfully reproduce in an own nest. If she could, her fitness outcome as parasite should be compared with her expected reproduction if she tried to nest on her own. This unrealized quantity may sometimes be possible to estimate approximately, via the average reproductive success of other non-parasitic females of similar age and condition as the parasite. Female survival probability is also likely to differ between nesting and non-nesting females. fig. 3 ), which gives further details.
(2) Parasite survival advantage
Predation risk is high for incubating females in some waterfowl populations (Arnold et al., 2012; Öst & Jaatinen, 2015; Waltho & Coulson, 2015) . A parasite that avoids nesting has higher probability S 0 (>S N ) of surviving the breeding season. A host may therefore gain inclusive fitness by helping a related parasite to higher survival, releasing her from nesting risks by caring for her eggs and young. Under simplified assumptions (e.g. the parasite laying as many eggs as if nesting normally; see Andersson, 2017) , inclusive fitness gain for the host (compared to non-parasitized nesting) is
Here, S r is female survival probability for the rest of the year, and V F is the reproductive value of the parasite female next year. In essence, by taking care of a related parasite's eggs this year, the host increases parasite survival to the next breeding season. The inclusive fitness gain of the host therefore depends on the parasite's reproductive value V F next year (her expected future lifetime reproduction). Reproductive value is usually highest at a female's first reproduction and then declines. The host can therefore gain most inclusive fitness with a young related parasite. A host with a small own clutch, where the addition of a few parasitic eggs does not reduce hatching success, can gain considerably if parasitized by a young relative that thereby avoids risky nesting (Andersson, 2017) . Possible examples in eiders (Tiedemann et al., 2011) were discussed in Section IV.3.
(3) Kin competition?
Inclusive fitness benefits can be reduced by competition among relatives over local resources. Hamilton (1964) suggested that population viscosity (limited dispersal, high local relatedness) may favour helping among neighbours, but it can be counteracted by kin competition (Taylor, 1992; Queller, 1994; Frank, 1998) . However, overlapping generations, male-biased dispersal and female natal philopatry make conditions more favourable for helping (Taylor & Irwin, 2000; Johnstone & Cant, 2008) . As waterfowl have these traits, resistance against CBP might be lower than if females were unrelated .
In a CBP model, Jaatinen et al. (2011a) found that kin competition slightly reduced egg production, but parasitism could still provide substantial inclusive fitness benefits. In wood ducks, the spatial distribution of nesting relatives indicated that kin competition was unlikely to counteract possible inclusive fitness benefits of kin parasitism (Roy Nielsen et al., 2006b,c) .
VII. HOST COSTS
Parasitism may be costly for the host, reducing her production of own offspring, in particular if there are many parasitic eggs (Lank et al., 1990) . If several females parasitize the nest, its total clutch can become very large, severely reducing host success (Odell & Eadie, 2010) . She may even abandon the nest (Eadie, 1989; Åhlund, 2001; Roy Nielsen et al., 2006a; Craik & Titman, 2009; Jaatinen et al., 2009b) , with zero success for both host and parasite.
Waterfowl are sometimes regarded as determinate layers, with egg numbers fixed before laying starts. However, experimental addition of eggs early in the laying sequence of goldeneyes and eiders made females lay fewer eggs Erikstad & Bustnes, 1994) . Natural parasitism can also make host females lay fewer eggs: meta-analysis of four eider studies showed an average reduction of 0.3 eggs in parasitized nests, from a mean of 4.2 without parasitism (Waldeck et al., 2011) . In Barrow's goldeneye, the final number of host eggs decreased with increasing number of parasite eggs, and more so for related than for unrelated parasites (Jaatinen et al., 2009a) . Also in wood ducks, parasitized hosts laid fewer eggs than other females (Roy Nielsen et al., 2006b) . With five parasitic eggs, incubation time increased by about 1 day.
Female eiders lose about a third of their body mass during incubation (Waltho & Coulson, 2015) , but mass loss did not increase with clutch size in Baltic Sea or Iceland eiders (Öst et al., 2008b; Kristjansson, Jónsson & Gunnarsson, 2016) . In northern Norway, however, observations and experiments found increased mass loss, reduced immune function and lower clutch size the next year in females with a large clutch (Erikstad & Tveraa, 1995; Hanssen et al., 2003 Hanssen et al., , 2005 . Females tended to have lower nest loss and increased brood care in the year when eggs were experimentally added, suggesting increased parental effort for enlarged clutches (Hanssen et al., 2003 (Hanssen et al., , 2005 . Tests in other populations and species are desirable. In Canada geese, females with experimentally enlarged broods started egg-laying later the next year (Lessels, 1986) .
Whereas a larger clutch may have costs, there is also evidence that larger clutch size has positive effects on offspring quality and survival in some waterfowl (Lepage, Gauthier & Desrochers, 1998; Smith, Boyd & Evans, 2005; Ost, Smith & Kilpi, 2008a) , but not all (Eadie & Lyon, 1998) . The net direct fitness effect of receiving some extra eggs seems to vary, calling for further study.
VIII. FEMALE SOCIALITY AND KIN ASSOCIATION (1) Association during the breeding season
A major precondition for breeding-season association between relatives is natal philopatry, but it may also arise by joint dispersal (Section V.2). The likelihood of parasitism between close relatives depends on their frequency in the population. In a 280 km 2 study area in Finland, 18% of nesting goldeneye females were known to have a nesting close relative in the same year (Ruusila, Pöysä & Runko, 2000) . In 50 of 70 cases they were mother-daughter, in 19 cases sisters or half sisters, and in one case grandmother-granddaughter.
Relatives can be more concentrated in colonial species. In an eider colony at a 2.5 ha islet in the Gulf of Finland, Hario et al. (2012) estimated that 18% of the nesting females had a first-order relative nesting in the colony, 61 observed cases being mother-daughter, seven cases sisters born in the same year, and eight cases sisters or half-sisters born in different years. Another 12 daughters were known to nest on nearby islets, with their mothers still on the natal islet. In a ∼100 km 2 archipelago about 120 km further west, Jaatinen et al. (2012, fig. 2 ) estimated that 15-16.5% of the nesting females had a nesting close relative somewhere in the archipelago.
Although there are large differences between these studies, they suggest that only a minority of females have a first-order relative present nearby. Host-parasite pairs of close relatives (r ≈ 0.5) are therefore expected to be relatively few, but in Figs 2, 4 and 5 they are over-represented, compared to the background populations. Such kin-bias might arise from natal philopatry, or from relatives dispersing and settling jointly. Roy Nielsen et al. (2006c) , however, found no evidence for clustering of relatives in wood ducks. Primary parasites were more highly related to hosts than could be explained by spatial relatedness alone. In goldeneyes, host-parasite pairs with high relatedness were often birth nest-mates that associated as adults (Andersson & Ahlund, 2000) .
In common eiders, female kin association occurs in many contexts during the breeding season, and it is stronger than expected from natal philopatry alone (McKinnon et al., 2006; Jaatinen et al., 2012; see Section IV.3) . Whether females associate with kin also during other parts of the year is an interesting question for future study.
(2) Merging of broods
In several waterfowl some females merge their broods of young soon after leaving the nest (Eadie et al., 1988; Beauchamp, 1997) . Eadie & Savard (2015) showed that this is particularly common in species with frequent brood parasitism. In common eiders, one suggested explanation is that females in poor condition benefit by leaving their merged brood to the care of another female. The leaving female can then replenish body reserves and increase her survival prospects (Gorman & Milne, 1972; Bustnes & Erikstad, 1991; Kilpi et al., 2001) . In some cases, merging broods with a related female might lead to indirect fitness benefits. For example, if a leaving female is a relative of the female that continues brood care, the latter may gain inclusive fitness benefits from increased survival of the leaving relative or her young. Inclusive fitness in such a situation can be modelled similarly as for brood parasitism in Equation 3 (Section VI.2).
Attendant eider females with merged broods had more foraging time than single females with broods, and duckling survival in merged broods was higher (Öst, Mantila & Kilpi, 2002 :Öst et al., 2008a . In multi-female groups, older aggressive females took a central position. A female's own young stayed closer to her than did other young. Groups of 2-3 females seemed optimal for duckling survival (Öst & Bäck, 2003; Öst, Jaatinen & Steele, 2007; Ost et al., 2008a) .
Relatedness among brood-merging eider females was estimated with microsatellites by Jaatinen et al. (2012) . In five of 6 years female relatedness was higher than expected from random association, significantly in 1 year and nearly so in another. This was partly a consequence of demographic effects and age-related group-size preferences, but kinship also played a role in brood merging. McKinnon et al. (2006) also found kin association between females at the brood-rearing stage.
Adoption of young occurs in several waterfowl. In black swans Cygnus atratus mean relatedness between adopted young and foster parents was significantly higher than expected by chance (0.13-0.14; Kraaijeveld, 2005) . Inclusive fitness consequences of brood merging remains a fascinating, partly unsolved problem (see Eadie & Savard, 2015) .
There are also several forms of brood merging in fish. Other mechanisms than kin selection usually seem responsible (e.g. Lee, Heim & Meyer, 2016) , even if female relatedness may play a role (Sefc et al., 2012) .
(3) Matriarchies?
Are there matriarchies in some waterfowl, which combine local female relatedness with long life, reproductive senescence, kin discrimination and parental care for offspring of close relatives? Such a suite of traits suggests social parallels with long-lived matriarchal mammals, such as elephants (Moss, 2001) , killer whales (Foote, 2008) and our own species (Hawkes & Coxworth, 2013) .
A remarkable result of Tiedemann et al. (2011) is that old eider females were more often parasitized than others and had fewer own but more parasitic eggs, with high host-parasite relatedness (see Table 1 ). Three females older than 15 years had no own eggs in the clutches they incubated. Are such old, reproductively senescent females helping younger relatives by incubating their eggs (Tiedemann et al., 2011) ? This possibility deserves further analysis by behavioural observations and video recordings, to clarify interactions, potential helping and cooperation between marked females of known relatedness and age.
(4) Kin association outside the breeding season
In geese, parents and juveniles often migrate and spend the winter together (e.g. Black & Owen, 1989) . The duration of parent-offspring and sibling bonds is variable but can last a decade or more in arctic-breeding white-fronted geese (Anser albifrons), as observed in wintering areas (Weegman et al., 2016) . Extended bonds lead to larger family-group size, advantageous in competition over food and other resources. Adult offspring can gain higher survival and perhaps indirect inclusive fitness from associating with close relatives (Scheiber, Kotrschal & Weiss, 2009; Weegman et al., 2016) . Kin association has also been found in captive barnacle geese (Kurvers et al., 2013) .
Indirect fitness benefits and reciprocity may play a role in energy-saving formation flight in waterfowl and other birds (Andersson & Wallander, 2003; Voelkl & Fritz, 2017) . Reciprocity and kin selection may together make cooperation more advantageous than it is with either mechanism alone (Ale, Brown & Sullivan, 2013; Taborsky, Frommen & Riehl, 2016) .
Related females associate in the breeding season in goldeneyes and eiders (see Sections IV.1 and IV.3), but little is known about kin association in ducks during other parts of the year. Some sea ducks are philopatric to wintering areas (Robertson & Cooke, 1999) . Relatedness among eider females arriving together to the colony (McKinnon et al., 2006) suggests that they may associate also during migration, perhaps for the whole year. Juvenile king eiders (S. spectabilis) appeared not to migrate with their mother to the wintering area (Bentzen & Powell, 2015) , but young common eiders and harlequin ducks (Histrionicus histrionicus) may follow their mother (Franzmann, 1983; Regehr et al., 2001) . In tufted duck (Aythya fuligula) some same-sex close relatives occurred together in wintering areas (Liu, Keller & Heckel, 2013) . Relatedness in brood parasitism and merging may partly be outcomes of a more general strategy in female waterfowl of associating with kin, with potential inclusive fitness benefits in several social situations (Andersson & Waldeck, 2007) . Sociality outside the breeding season needs to be further explored and clarified in waterfowl, which can be done e.g. by satellite telemetry (e.g. Mosbech et al., 2006; Hebblewhite & Haydon, 2010; Tomkiewicz et al., 2010) .
IX. COOPERATION
Cooperative breeding may have a close relationship with CBP, which can sometimes lead to inclusive fitness benefits for both females involved (Andersson, 1984 (Andersson, , 2001 Zink, 2000; Vehrencamp & Quinn, 2004; Zink & Lyon, 2016) . Cooperative breeding occurs mainly in altricial birds (Brown, 1987; Cockburn, 1998; Koenig & Dickinson, 2004) . In precocial waterfowl it is known in only one species, the Australian magpie goose (Anseranas semipalmata), which often breeds in trios with one male and two females (Marchant & Higgins, 1990) . Both females lay eggs in the nest and are more closely related than females not sharing a nest. All members of a group take part in nest building, incubation and care of young. There is also evidence of brood parasitism (Frith & Davies, 1961; Whitehead & Tschirner, 1991) . In contrast with most other waterfowl, it seems that natal philopatry is male-biased in this species and that related females disperse and settle together (Horn et al., 1996; Vehrencamp & Quinn, 2004) .
Several simpler forms of cooperation occur in breeding waterfowl, for example in brood merging (Section VIII.2). And host incubation of parasitic eggs in effect helps another female reproduce. If they are kin, their relationship can be cooperative, with inclusive fitness benefits for both parties. Nest takeover in common eiders may sometimes involve kin cooperation that benefits both females (see Tiedemann et al., 2011) . Also goldeneyes and wood ducks sometimes take over and incubate nests already containing eggs, but whether such cases represent cooperation between relatives, competition over nests, or 'preemptive' parasitism by the first-laying female, is not known (Eadie, 1989; Odell & Eadie, 2010) . Shared incubation by two females seems be known for only one waterfowl, the magpie goose.
X. DISCUSSION (1) Complexity of brood parasitism among kin
Depending on host-parasite relatedness and numbers of parasitic eggs, the fitness consequences of CBP vary greatly and can be complex (Emlen & Wrege, 1986; Andersson, 2017) . In some cases it is beneficial for both females. For a host with a small own clutch and low hatching success, addition of a few eggs by another female may increase success (Fig. 6 ). If so, there are direct fitness benefits for both females, making their relationship mutualistic. It can also be commensal: neutral for the host and advantageous for the parasite. But if the added eggs are so many that they reduce host success and direct fitness, the host is formally altruistic. For some such clutch sizes she can still gain inclusive fitness indirectly through a related parasite, but with yet more parasitic eggs, hatching success and host inclusive fitness decrease (Andersson, 2017) . She should therefore try to prevent addition of too many eggs. If this is not possible, nest desertion may be an adaptive alternative (Andersson, 2001; Jaatinen et al., 2009b) .
The host may gain inclusive fitness with a related parasite even if the parasite could target other nests. But doing so may for several reasons lead to lower fitness than parasitizing a close relative (see Section V.6). Brood parasitism is often complicated by the presence of several potential parasites and hosts (Zink, 2000; Andersson, 2001; López-Sepulcre & Kokko, 2002; Zink & Lyon, 2016) . A model of a parasite and two kin-discriminating hosts, one related and the other unrelated to the parasite, suggested that parasitism of the relative can increase the inclusive fitness of both host and parasite (Andersson, 2001) . For this to be the case, kin recognition must be accurate enough (López-Sepulcre & Kokko, 2002) , and the cost of being parasitized must not be too high (Lyon & Eadie, 2000) . Otherwise it does not benefit the host to accept even a closely related parasite. If host costs are high, the parasite should instead target an unrelated female, given that her resistance does not reduce parasite success too much. If it does, it is better for the parasite to target an accepting related host, or to nest on her own. The model therefore suggests that host-parasite relatedness is most likely when the costs of being parasitized are relatively low, and host resistance can substantially reduce parasite success (Andersson, 2001) .
(2) Quails as a test group
Female local relatedness arising from natal philopatry is an important precondition for kin parasitism in waterfowl (Andersson, 1984) . Few other birds are known to have female-biased natal philopatry. Among them are some New World quails (Odontophoridae), as shown by molecular genetic analyses of California, Gambel's and northern bobwhite quail (Callipepla californica, C. gambelii and Colinus virginianus) (Gee, 2003; Berkman et al., 2013) . Their female-biased natal philopatry, which has largely escaped notice in the context of CBP and brood merging, makes these quails of great interest here (Andersson, 2018) . They also have frequent brood parasitism (Klimstra & Roseberry, 1975; Faircloth, 2008; Orange, 2015) and brood merging, adults with young often forming communal groups Lott & Mastrup, 1999; Faircloth, Palmer & Carroll, 2005; Calkins, 2007) .
Analyses of the role of relatedness in CBP and brood merging in quails can test in another taxon the hypotheses inspired by waterfowl. Field and molecular-genetic studies of quails are therefore desirable, measuring in both sexes (as quails have biparental care) the relatedness of nesting neighbours, of host and parasite in CBP, and of adults merging broods in communal groups (Andersson, 2018) . Comparison with waterfowl and other birds may also shed light on the causes of female-biased natal philopatry, which is still incompletely understood (Greenwood, 1980; Dobson, 2013; Mabry et al., 2013; Trochet et al., 2016) .
(3) Host-parasite relatedness in insects
Conspecific brood parasitism ('egg dumping') is common in some insects, with interesting parallels to birds (Tallamy, 2005) . In certain hemipteran bugs, females lay eggs on a host plant and guard the offspring, often for many weeks, for instance in the eggplant lacebug Gargaphia solani (Tallamy & Denno, 1982; Loeb, 2003) and the treehoppers Polyglypta dispar and Publilia concava (Eberhard, 1986; Zink, 2003) . In species where females only guard eggs but do not incubate, and offspring are self-feeding, the cost of receiving eggs from another female is low; it may even be beneficial (Tallamy & Horton, 1990; Loeb, Diener & Pfennig, 2000; Zink, 2003) . Such species provide an interesting contrast to waterfowl, where parasitism is often costly for hosts.
In the eggplant lacebug, maternal guarding improves the survival of the brood, but it increases female mortality and delays her next clutch (Tallamy & Denno, 1981) . Parasitic females that add eggs to the clutches of guarding females save time and avoid risk. Over the lifetime, they may therefore produce more than twice as many eggs as guarding females (Tallamy & Denno, 1982) .
Addition of eggs by another female to the periphery of the clutch increases host success by buffering and diluting predation of her eggs (Tallamy & Horton, 1990; Loeb, 2003; Zink, 2003) , similar to the situation in ostrich Struthio camelus nests (Bertram, 1992; Kimwele & Graves, 2003) . Hosts will then benefit from eggs added by another female, whether she is related or not. Host resistance is therefore not expected, and none was observed (Tallamy & Tallamy, 1993) . CBP in such cases can be mutualistic and beneficial for both parties.
In such situations an egg-adding female can increase her own inclusive fitness by targeting and increasing the success of a related rather than an unrelated host (Loeb, 2003) . This is what females do: mean host-parasite relatedness in the field was as high as 0.36. If the host is a close relative, indirect fitness gain can make egg donation better than own nesting (Loeb et al., 2000; Loeb, 2003) .
These results demonstrate a role of kin selection in CBP among lace bugs. As host reproductive success increases with added eggs, it is mainly the egg donor that gains indirect fitness from host-donor relatedness. In birds where parasitic eggs reduce hatching success, it is mainly the host that can do so. Kinship in CBP has been studied in only few insects, but exploration of additional species may be revealing, as some insects offer attractive possibilities for experimental testing (Tallamy & Tallamy, 1993; Loeb, 2003; Zink, 2003) .
(4) Further analyses
Quantitative behavioural and genetic analyses are needed for exploring inclusive fitness effects in brood parasitism and merging, preferably in a life-history perspective (Dickinson, 2007; Eadie & Lyon, 2011; Andersson, 2017) . How can host indirect fitness be estimated in CBP? An ideal test might involve manipulation of females to target relatives and non-relatives and compare the outcomes, but such experiments seem unlikely to be feasible in birds. For a host to gain indirect inclusive fitness, the related parasite must have higher success if targeting the host's rather than another nest. Whether this is so may be estimated by comparing the reproductive success of parasites targeting a close relative with the success of otherwise similar females (as regards condition, age, etc.) targeting non-relatives (aggressive interactions and other costs also need to be considered). If a female tries to lay eggs in the nest of a related host as well as in another nest, she may be used as her own control, comparing her success in the two categories of nests. But there are probably also other differences than host-parasite relatedness that need to be controlled. Accurate estimation of inclusive fitness effects in CBP in the wild for these reasons may be difficult, but approximate answers may be feasible.
Evidence of kin discrimination and aggression against unrelated parasites corroborate theoretical predictions (Andersson et al., 2015) , but additional behavioral tests of parasitism among individually marked females are desirable. What are the roles and relationships of females: who lays which eggs in the nest, incubates and takes care of the brood? More detailed study is also required of female cooperative relationships, suggested for instance by nest takeover (see Section IV.3 and Tiedemann et al., 2011) . Video recordings of marked females at nests can greatly help clarify their behavioural interactions. In colonial species, the most detailed information can probably be achieved in relatively small colonies, where most or all females can be caught, marked and sampled and their behaviour and reproduction recorded. In large colonies such detailed analyses may not be possible.
With future improved tracking systems, detailed spatial analyses of individual movements and associations throughout the year may become feasible. Global positioning systems (GPS) and satellite tracking of relatives and non-relatives may show to what extent female association outside the breeding season depends on kin. For example, the ICARUS initiative may enable such detailed analyses when it becomes operational (https://icarusinitiative.org).
Relatedness estimation with molecular tools has revolutionized analyses of kinship, in CBP as in other aspects of sociality, but detailed behavioural analyses remain essential. Quantitative analysis of behaviour is lagging behind molecular genetic analyses that, although crucial, reveal only part of the picture (Westneat & Stewart, 2003) . In particular, quantitative studies of behavioural interactions, including video recordings at nests and elsewhere, can give insights about social relations that are not available by other means. Such methods suggest that hosts are usually but not always aggressive towards parasites (e.g. Sorenson, 1991; Ahlund, 2005) , and that responses depend on host-parasite relatedness and kin discrimination (Andersson et al., 2015) , but more detailed behavioural analyses are desirable.
XI. CONCLUSIONS
(1) In species with female-biased natal philopatry or joint dispersal, some local females are related. Theory suggests that conspecific brood parasitism (CBP) can be cooperative and beneficial for both host and parasite when related. If parasitism has high costs for hosts, however, parasites should target unrelated hosts. Several studies have tested these predictions.
(2) Host-parasite (h-p) relatedness has been estimated with molecular genetic methods in seven waterfowl: common and Barrow's goldeneye, common eider, wood duck, mandarin duck, barnacle goose and Canada goose. The two females in a h-p pair were usually unrelated, but close relatives were over-represented in h-p pairs compared to random female pairs. Mean relatedness was higher between host and parasite (ranging from 0.04 to 0.48) than between other females. Relatives were parasitized more often than expected from local relatedness and random parasitism alone. In two eider populations h-p relatedness was higher than that between nesting neighbour females.
(3) Female kin discrimination was found in common goldeneyes and barnacle geese, where some birth nest-mates apparently recognized each other, associating in the breeding area as adults. In common eiders, hosts parasitized by non-relatives responded aggressively and rejected other females, but hosts parasitized by relatives were more tolerant. Some old eider females incubated clutches in which all eggs were laid by a close relative.
(4) For small to medium host clutches, addition of a few parasitic eggs need not reduce host success. In eiders and goldeneyes, models suggest that hosts can then gain inclusive fitness when parasitized by a relative. But with increasing numbers of parasitic eggs, the relationship changes from mutualistic cooperation and direct fitness benefits for both females, through host altruism with indirect benefits where Hamilton's rule is satisfied, to parasitic exploitation that reduces host inclusive fitness.
(5) In several sea ducks some females merge their broods of young. Merging eider females tended to be more closely related than others. Eiders associate with kin in many situations, and in geese some related females may associate for the whole year. Female sociality in certain waterfowl seems likely to be more advanced than presently recognized.
(6) Some New World quails also have female-biased natal philopatry, CBP and brood merging. This group therefore offers the possibility for independent testing of hypotheses inspired by waterfowl.
(7) CBP also occurs among insects, with excellent possibilities for experimental tests. In hemipteran bugs, eggs added to the clutch benefit hosts by diluting offspring predation. Kin selection therefore favours egg donation to clutches of related females, as found in lace bugs.
(8) Kin association in brood parasitism, merging and other sociality may reflect a more general female strategy of associating with close kin, with potential inclusive fitness benefits in CBP, brood merging and several other situations. More behavioural studies of females of known relatedness are needed, in the wild and throughout the year, to explore these possibilities.
